The rotational structures of the v1 and 2 v1 infrared bands of monofluoroacetylene were investigated. The values 50 = 0.32374 ± 0.00005 cm" 1 and 0.32372 ± 0.00010 cm" 1 , respectively, were obtained. In addition, the analysis of the fundamental gave at= (6.85 ± 0.15) X10" 4 cm -1 and D0= (15 ±3) X10 -8 cm -1 . Theoretically, the centrifugal disortion constant was computed to be 13X10~8cm _1 . The hot bands accompanying the fundamental were also studied.
Introduction
The microwave spectra of different isotopic forms of HCCF have been measured by TYLER and SHERI-DAN 1 . These measurements give for the rotational constant of HCCF in the ground state, a value of B0 = 9706.19 MHz corresponding to B0 = 0.323764 cm -1 . The centrifugal distortion constant D has been evaluated to be 3,6 kHz, i.e. 12 x 10 _8 cm -1 . In addition the constants a for the low lying fundamentals v4 and v-have been obtained.
The infrared spectrum of monofluoroacetylene with the assignment of the fundamentals has been published by HUNT and WILSON 2 . Recently REICH- MAN et al. 3 have studied the rotational structure of several infrared bands and obtained the value of the rotational constant B for different excited vibrational states. The aim of the present work was to study the C -H stretching vibration band v1, together with its overtone, to get more accurate vibrational data and to measure the rotational constant in the corresponding vibrational states. This work also completes our recent series on the C -H stretching bands of other monohaloacetylenes 4 ' 5 .
Experimental
The sample gas was prepared according to the method of VIEHE and FRANCHIMONT 6 . Slight amounts of acetylene remained in the sample as an impurity.
The path lengths used were 10 cm for the fundamental and 20 cm for the overtone. Different pressures, some tens of mm Hg, were used according to the ab- sorption when measuring the fundamental and the accompanying hot bands. In the case of the overtone, the pressure was about 100 mmHg. The pressure of HCCF changed to some extent due to polymerization, although the sample remained usable for a few weeks. The spectra were recorded using the grating spectrometer at the University of Oulu 7 . The wavenumbers were derived by interpolating between noble gas emission lines with the aid of an interferometric scale. All the lines were measured using several recordings.
Results

The vx Band
The general appearance of the absorption around 3355 cm -1 clearly corresponds to that of a type band of a linear molecule. A recording is given in Fig. 1 . The central gap is obscured by overlapping hot bands but by recording the spectrum at very low pressure the origin was easy to locate. The assignment of the main band vx is relatively clear.
The observed frequencies are given in Table 1 . They were treated graphically and also fitted by least squares to the fourth order polynomial
where the letters have their usual meaning. 
The average deviation between an observed value and one from (2) is 0.017 cm -1 . The hot bands accompanying (the main absorption are more difficult to interpret and assign. On the low frequency side of vx, another band can be seen in Figure 1 . Its intensity between 3335 and 3340 cm -1 , where both the bands are well resolved, is approximately the same as that of the main band. This strongest hot band was assigned to vx + v5 -rv According to the Boltzmann factor, the intensity of this band ought to be 33% of that of the main band. The observed relative intensity seems to be greater than this calculated ratio implies. The same fact was found also by REICHMAN et al. 3 in the case of the ?'3 fundamental. The relatively strong absorptions around the central gap of the main band must be due to hot bands and they have been assigned to vt + v5 -v5 . The origin of this band could not be located quite unambiguously, because the weak Q branch of this n<n type band was not found. According to the general appearance of the band, the origin was obtained approximately and the final assignment was made so that the rotational constant of the lower state was in agreement with the results of the microwave measurements Some experiments were also performed by changing the temperature, although only within some tens of degrees. The results supported the assignments.
The observed wavenumbers of the lines assigned to + -are given in Table 2 . When fitting the lines by least squares the centrifugal constants were constrained to D' = D" = 13 X 10~8 cm -1 . The fit was not very close, the average deviation between an observed and a calculated wavenumber being 0.02 cm" 1 .
The following results were obtained: Another line system, which partly overlaps vt and which can be followed, is situated at higher frequencies than the main band. It could not be assigned to any combination originating from the ground state. The only assignment that seems possible is v1 + v4t -v4 , although the positive anharmonicity becomes remarkable in this case. The intensity of this band ought to be 13% of that of the main band, and the observed intensity does not contradict this value.
The origin of this band is not obvious. It can be located approximately from the band shape but not unambiguously. In the R branch the line system could be followed up to quantum numbers higher than 50, using elevated sample pressure. On the P branch side only few lines could be measured because this branch is obscured by other absorptions.
The observed wavenumbers, together with the assignment are given in Table 3 . The lines were 
The average deviation between an observed and calculated value is 0.009 cm -1 . The coefficients of the polynomial (3) give v0 = 3384.14 cm -1 , B" = 54 = 0.32480 cm -1 , B" -B' = 14.4 x 10 -4 cm -1 , Z) = 16 x 10~8 cm -1 .
Some absorptions in Fig. 1 , which are not due to impurities, have remained unassigned. It is believed that they are either blended lines due to the treated bands or that they are due to other hot bands such as vt + 2 v. -2 v5 in some cases.
The wavenumbers in all the tables have been uniformly given to three decimal places. In some regions where the lines are blended this is more than sufficient as also the poorness of the fit implies.
The 2 vx Band
In the 2 \\ band around 6600 cm -1 the origin could be easily and unambiguously located. Some rotational lines especially in the R branch were masked by acetylene impurity absorptions but the assignment remained quite straightforward. However, the band is clearly perturbed at high ] values. The perturbation becomes very striking above ]' = 34. In Table 4 , the measured wavenumbers of 
The average deviation between an observed value and a calculated one was 0.013 cm -1 . The coefficients of this polynomial give B" = 0.32372 cm" 1 , B" -B' = 22.9 x 10" 4 cm -1 , D = 2 x 10 -8 cm -1 .
Also this band was overlapped by a hot band which obviously starts from the level r5 . The relative intensity of the hot band w r as now, however, lower than in the case of the fundamental v1. Only very few lines were measured and no analysis of them was performed. On the high frequency side the overtone 2 v1 was partly overlapped by a band whose origin is around 6645 cm -1 . Its distance from the origin of 2 rt is approximately twice that between vx + r4 -v4 and vt and thus it was assigned to 2 vt + v4 -r4 , but it was not analyzed in detail.
Discussion
The rotational analysis of the fundamental and the overtone 2 both ought to give the rotational constant in the ground state B0 and also the constant ax which describes the change in B value due to the vibration. The values obtained B" = 0.32374 cm -1 (vA) and B" = 0.32372 cm" 1 (2^) are in excellent agreement both with each other and with the microwave value 1 0.323764 cm -1 . The results for on the other hand are contradictory. The fundamental gives 6.85 xlO" 4 cm -1 but the overtone gives B" -B' = 2.29 X 10~3 cm -1 corresponding to 04 = 11.4 x 10" 4 cm" 1 . Since the latter band was clearly perturbed the value from the fundamental is considered more reliable. This value 6.85 X 10~4 cm" 1 seems also to be more consistent with the results obtained for Gtj in case of other monohaloacetylenes 4 ' 5 .
Both the bands also give D. The result 15 X 10 -8 cm -1 from the fundamental is in agreement both with the microwave value (12 + 2) xl0 -8 cm _1 of TYLER and SHERIDAN 1 and with 14xl0 -8 cm -1 obtained by REICHMAN et al. 3 from the analysis of the v3 fundamental. Because only lines corresponding to low J values were available in the case of the overtone, the result then remained very indefinite.
The centrifugal distortion constant D was also calculated from the formula given by WILSON 8 . When using the force constant matrix of VENKATES-WARLU and MATHEW 9 the result D = 13 x 10 -8 cm -1 was obtained. The above experimental values are well in agreement with this calculated one.
The analysis of the hot band vx + v5 -v5 ought to give B" = B5 and B" -B' = at.
The result B" = 0.32462 cm -1 was obtained above. On the other hand, the data of TYLER and SHERIDAN 1 lead to B5 = 0.32468 cm -1 . The close agreement between these values supports the performed assignment. The value B" -B' = 8.77 X 10 -4 cm -1 is not, however, satisfactorily consistent with ax from the fundamental. It is believed that this is an expression of a resonance interaction between the v^ + v5 and some other combination level.
When two levels are in Fermi-resonance, the actual values of their rotational constants are linear combinations of the B values of the unperturbed states (cf. e. g. HERZBERG 10 ). In view of the observed B" -B' value, the level perturbing vt + v5 ought to be such that it makes the rotational constant smaller than B0 -a± -a5. According to REICH-MAN et al. 3 a3 = 12.4 x 10 -4 cm" 1 . Thus the other level in the Fermi-diad probably contains v3 . When the unknown a2 is likely to be positive, the level v 2 + r 3 + v 5 seems to fulfill the requirements for the resonance.
The microwave results of TYLER and SHERIDAN 1 lead to B4 = 0.32405 cm -1 . From the analysis of the band assigned to v1 + v4 -v4, B" = 0.32480 cm -1 was obtained above. The agreement between these two values is not good and it cannot be made better by changing the assignment in the hot band.
The accuracy of the derived B" value is diminished by the fact that there are very few observed lines in the P branch and in addition some of these are blended with other absorptions. However, the fit is close and it gives a reasonable D value. The difference B'' -B' = 14.4 x 10 -4 cm -1 is not in agreement with ax from the fundamental. This corresponds to a similar resonance between the v1 -f r4 and v2 + v3 + v4 levels as discussed previously in the case of the hot band vt + v5 -v5 . In Table 5 results for the rotational constants have been collected. In addition, the computed frequency (Oj 0 and the anharmonicity coefficient -S^0 are given there. The value of is almost equal to those of other monohaloacetylenes 5 .
